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[54] Name of invention: A fusion protein for immunoprophylaxis and immunotherapy of 
venereal disease and cancer. 

[57] Abstract 

The present invention relates to fusing the bacteria mycobacterium bovis var. BCG (M. 
Bovis BCG) heat shock protein to a tumor-specific antigen, i.e., the human papilloma virus 
(HPV), to form a fusion protein. This fusion protein can be expressed in E. coli, yeast and 
plants. Immunization using this fusion protein leads to a specific cellular immunity and 
humoral immunity against tumor-specific antigens. It not only protects against the human 
papilloma virus infection but also serves as immunoprophylaxis and immunotherapy for acute 
condyloma, tumors and cancer caused by HPV. Thus, the recombinant fusion protein can be 
used to prepare an effective prophylactic and therapeutic immunizing composition. 
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Patent Claims Document 



1. The present invention relates to a fusion protein for treating venereal disease and cancer 
caused by venereal disease and a method of making a recombinant fusion protein by fusing a 
mycobacterium bovis var. BCG heat shock protein to a human papilloma virus (HPV) virus 
protein. 

2. A method as described in Patent Claim 1, wherein a part or all of the heat shock protein is 
fused to a part or all of the human papilloma virus' virus protein to form a fusion protein. 

3. A method as described in Patent Claims 1 and 2, wherein the N-terminal amino acids of the 
recombinant fusion protein come from mycobacterium bovis var. BCG's heat shock protein, the 
C-terminal amino acids come from human papilloma virus (HPV) type 16 (HPV- 16) or type 18 
(HPV-18) early expression proteins (for example, HPV-16 E4, E5, E6 or E7). 

4. A method as described in Patent Claims 1 and 2, wherein the N-terminal amino acids of the 
recombinant fusion protein come from human papilloma virus (HPV) type 16 (HPV-16) or type 
18 (HPV-18) early expression protein (for example, HPV-16 E4, E5, E6 or E7), and the C- 
terminal amino acids come from mycobacterium bovis var. BCG heat shock protein. 

5. A fusion protein as described in Patent Claims 1, 2, 3 and 4, wherein the N-terminus of the 
recombinant fusion protein can be linked to a multiple-histidine tag, to facilitate purification. 

6. A recombinant fusion protein as described in Patent Claims 1, 2, 3, 4 and 5, which can be 
expressed via a plasmid vector in E. coli, yeast and plants. 

7. A recombinant fusion protein as described in Patent Claims 1, 2, 3 and 5, wherein the N- 
terminal amino acids come from mycobacterium bovis var. BCG's 65kDa or 70kDa heat shock 
protein, the C-terminal amino acids come from human papilloma virus (HPV) type 16 (HPV-16) 
or type 18 (HPV-18) early expression protein (for example, HPV-16 E4, E5, E6 or E7). 

8. A recombinant fusion protein Hsp-E7 as described in Patent Claim 7, wherein the N-terminal 
539 amino acids come from mycobacterium bovis var. BCG 65kDa heat shock protein and the C- 
terminal 98 amino acids come from human papilloma virus (HPV) type 16 (HPV-16) early 
expression protein E7. 

9. A recombinant fusion protein Hsp-E7 as described in Patent Claim 8, wherein the amino acid 
sequence of the protein is shown in Specifications Attachment 1. 

10. A recombinant fusion protein Hsp-E7 as described in Patent Claims 8 and 9, wherein the N- 
terminal of the protein can be linked to a multiple histidine tag, to facilitate purification. 

1 1 . A recombinant fusion protein Hsp-E7 or a recombinant fusion protein that contains multiple 
histidines at its N-terminus ((h)Hsp-E7) as described in Patent Claims 8, 9 and 10, said 
recombinant fusion protein not only possesses immunoprophylactic ability against human 
papilloma virus infection (HPV), it also possesses immunoprophylactic and immuno-therapeutic 
activity against acute condyloma, tumors and cancer caused by the human papilloma virus 
(HPV). 
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[handwritten] Implementation scenarios 
(1) Recombinant fusion protein structure. 

To form a recombinant fusion protein, a heat shock protein (Hsp) is fused to a tumor- 
specific antigen (HPV). Taking recombinant fusion protein Hsp-E7 for an example, the N- 
terminal 539 amino acids come from mycobacterium bovis var. BCG 65kda (kilo Daltons) heat 
shock protein and the C-terminal 98 amino acids come from early protein E7 of human 
papilloma virus (HPV) type 16. The protein's amino acid sequence is shown in Figure 1 and its 
molecular weight is approximately 67737 Daltons. 

The N-terminus of HspE7can be linked to a multiple-histidine tag to facilitate 
purification. 

(2) Recombinant fusion protein HspE7 expression in E. coli. 

The DNA encoding a recombinant fusion protein is cloned into the pet28a carrier, which 
contains a T7 promoter. The expression of the protein is induced by IPTG. The DNA encoding 
the recombinant fusion protein can also be cloned into other E coli vectors and expressed in E. 
coli. 

(3) Recombinant fusion protein expression in plants. 

The DNA encoding a recombinant fusion protein can be cloned into pBI121 or pBI221, 
respectively. The resultant vectors can be introduced into. plants using an agricultural bacterium 
and or a gene gun to express the protein. The DNA encoding the recombinant fusion protein can 
also be cloned onto other plasmid vectors and expressed in plants. 

(4) The DNA encoding the above-mentioned recombinant fusion protein can be cloned into a 
yeast plasmid vector s, and expressed in yeast. 

[handwritten] Implementation examples 

(1) The DNA that encodes the recombinant fusion protein Hsp-E7 is cloned into a pet28a vector 
and is operatively linked to a T7 promoter. The protein is expressed in E. coli. 

(2) The DNA that encodes the recombinant fusion protein can be cloned into a pBI121 or pBI122 
vector and expressed in plants. Its promoter is 2xCaMV355 + AMV RNA4 promoter and 
enhancer 

(3) The DNA that encodes the recombinant fusion protein can be cloned into a yeast plasmid 
vector and expressed in yeast. 

(4) Using recombinant fusion protein Hsp-E7 to immunize mice not only induced cellular 
immune response, but also induced humoral immune response. These immune responses are 
specific to HPV-16-E7. In addition, immunization using these recombinant fusion proteins (in 
physiological saline) protects against HPV and tumor infiltration, and therapeutic immunization 
leads to elimination of existing tumors. Although, most of the data are obtained using the 
multiple-histidine-tagged recombinant fusion protein (h)Hsp-E7, direct comparison of it and the 
histidine-tag free recombinant fusion protein Hsp-E7 indicates that the two are similar in their 
ability to prevent HPV infection and eliminate acute condyloma and tumors. 
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Attachment 1. 



1 AKTIAYDEEARRGLERGLNALADAVKVTLG 30 
31 PKGRWWLEKKWGAPTITODGVSIAKEIEL 60 
61 EDPYEKIGAELVKEVAKKTDDVAGDGTTTA 90 
91 TVLAQALVRECX,RNVflAGANPLGW<RGI£K 120 
121 AVEKVTETLLKGAKEVETKEQIAATAAISA ISO 
151 GDQSIGOLLAEAMDKVGtfEGVlTVEESNTT 180 
161 GWLELTS6MRF0KGYISGYFVTDPERQEA 210 
211 VLEBPYILLVS SKVSTVXDLLPLLEKVIGA 240 
241 GKPLLIIAEOVEGEW.STI.WVNKIRGTFKS 270 
271 VAVKRKfGORRKSWLQDMAILTGGQVISE 300 
301 EVGLTI-ENADLSIXXjKARKVWTKDETTIV 330 
331 EGAGDTDAIAGRVAQIRQSI EN S OS OYDRE 360 
361 KLQERXJUCLAGGVAVIKAGAATEVELKEFK 390 
391 HRIEOAVRNAKMVESGIVAGG@VtI.LQAA 420 
421 PTLDELKLEGDEATGAtJIVWALEAPLKOt 450 
451 AFNSGLEPGWAEKVSNLPAGHGliNAQTGV 480 
461 Y EDLLAAGVADPVKVTRS ALQNAAS I AGLF 510 
511 LTTEAWAOKPEKEKASVPGGGDMGGMDFH 540 
541 MHGDTPTLHEYHLDLQPETTDLYCYEQLND 570 
571 SSESEDE I DGPAGQAEPD3AHYN I VT FCCK 600 
601 CDSTI-RLCVQSTHVDIRTIfEDLLMSTLGIV 630 
631 CPICSQKP 638 
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❖JfeWa-frgHEJ myrobacterium bovis var. BOG (M. 

(HPV)fiyfeM(!IA,fiffJ.,l65SES8&WftSE^?i ! 6 HPV 
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l . * £ H ft - ft ft ft ft *> & tt ft 5 1 & W ft £ ft a ^ §t a • # £1 £ * fi & 
St 1j ® S W # i£ . Mycobacterium bovis var. BCG fifi & 4fc £ 16 S (Heat 

shock protein)Sfl A ft fL * ft ft 9 (HPV) ft ft ft S 6 ± . 

ffift$wft$*ge»-«#ft£*&Jt. tt*a*aa. 

3 »ft5f«jii* i , 2ftsn*ft, s^ia^Sfi N-^^wMs^^e-f 

*y zobacterium bovis var. BCG W^fr^SS . C-* ft IK £ ft * 6 f A3S SI St 
( HPV ) US 16(HPV-16)ft2SM 18(HPV-I8)ft£gf|«fcf&g&(4l 
HPV-1 6 W E4 ft E5 ft E6 ft. E7). 

4.*p*fiift* i » 20j^tu^m, fiaa-frse N-^isttE^K^e^A 

*ft*«ft* < HPV ) £M 16(HPV-16)ft$$M 18(HPV-18)M £ JS&fc 69 g 6 
(id HPV-t6 ft E4 ft E5 18 E6 ft E7), C-# 9g®g® £ B ¥ mycobacterias bovis 
var. BCG«&i*£ge. 

s.*n*5MR#i. 2. 3*n 4ffi&tta*^&. SSI&£§S»N-5fc$-*I 
ft ^ / hSa®(Hi8tidme)W®*J®m(Histidine-tasged). ffi-?Mft. 

6.*HR*Hf*l , 2, 3, 4, 5J5ri£fi<iSfflS!^ga. Mftttftftft* 
*ttaE*ft*Fft* gS^BFfttft®*. 

7.io«wH#i» 2, 3# sj^f^wsffls^se. SN-^^wecs©* 

jg ^ Mycobacterium bovis var. BCG flfr 65kDa ft 70kDa & # 3E 3 S . C-^H^S; 
£ft*g?AX4lftftftft ( HPV) £M 16(HPV-l6)ft£S 18(HPV-18)fid¥ 
ffl^feWSft(*B HPV-16 M E4 ft E5 ft E6 ft E7). 

8. *n#?ljg# 7^figftSaSl^Sfi Hsp-E7 , g N-5^iS 539 ^WESS 
* g -f - myco*ac<* r/«ifw *ovis var BCG ffo 65kDa ft 98 <-MK S 
Si^g^A^IL^^ft^ (HPV) £M l6(HPV-16)W^»|3giiffilgEJ E7 . 

9. *nfc*i** s #?i£8jgfflai!-££e Hsp-E7 , jtftftaja#ftni&ft*M' 

ffl 1 . 

10.iPft5pJ|?^ 8 x 9 K^WSiSo S 6 Hsp-E7 i ftN-^JS^S^^ffl 
(Histidine) ft-fftfli. 

^fflSSe(Histidine)WSaa^gfi(h)Hsp-E7 , * £ W £ 35 » a£?i&® 
ft# < hpv > g&ffolSA, ffi&&W&&ftlft#fe£ftffi&A&?L&<8ft$ 

(HPV)iise<i^«sa, itftttftftttftJB. 



OO 0 6 

o p o a 

0 fl 00 

oo a o o 

« « p 



ft 


DO 


o 


OO OO 


« o 


« c 


0 0 


.■ 


* 






0 


O 0 o 


o 


0 


0 


0 0 


o 


0 * 


OOft 


O 0 


0 a o 


oo 



(1) E8a*fi6tt«tll 

»£fc#a*e<Hsp)»j»*#*ttl»ttK ( hpv ) ±M&JdtBI:£gS. 
&8ffl<2£§$ Hsp-B7*>0«.£ N-5^«W 539^ttg®&£-f mycobacttrium 
bovis var. BCG]® 6Sbda(-?iltft )tt £ S » C*« 98*R***61 1 

A^H^ig^ jc hpv) gg! i6WS8JSIfi E7, JSSI&JSSftSgGiffinKl i . 

ftfrttfl"7fi» 67737 ig ft 4g. 

HspE7ft«IN-*;J8Tirfe^^a&® (Histidine) M«f*lffi#, fc-FKfc. 

(2) S ffi ft* S 6 HspE7 4 * 16 *F 8* M • 

gffla*£6J£|g&pet28a&#±, »*»-T*T7, W&IPTGiB#£ 

(1) fi*fti&*g& Hsp-E7 P et28a®#±, £jg3&7 * T7 , 

(2) gfflSl!'#SftWKBi 1 pBIUl & pBI221 ±. Sfc. «®iS&? 
?3 2x CaMV35S+AMV RNA4jBSf? ftiQSI? . 

(4)Afifi'fil*S&Hip-B7ftft*8l. tfttg#SeES&&Wfite*$##$ 
ftft. j*ft*«*HPV-l6-B7***tt«. ffl«##&g&* t f W 

jtaa^gSiStT^^S, ftp AS HPV ftlftlBteft&tttti MftfF&M 

* # M (Hi stidine-tagged)® fl. & * S fi (h)Hsp-E7 $ SJ ft . (1 S & tfc $2 S tt gfe * 
]gfS(h)Hsp-E7 4fi£te8««fitaK«*®#(Histidin<Mag)fo&#g6 Hsp- 
B7. _*ftA*n«9MftHPVft»>, *8&£«&!**iW*fifMf8;<7. 
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1 AKXIAYDEEARRGLERGLNALADAVKVTLG 30 
3 1 PKGRNWIJEKKWGAPTITNDGVS IAKEIEL 60 
61 EDPYEKIGAELVKEVAKKTDDVAGDGTTTA 90 
91 TVLAQ ALVREGLRN VAAG AHPLGLKRGI EK 120 
121 AVEKVTETLLKGAKE VETKEQI AATAAI S A 150 
151 GDQSIGDLIAEAMDKVGNEGVITVEESNTF 180 
181 GLQLELTEGMRFDKGYISGYFVTDPERQEA 210 
211 VLEDPYILLVSSKVSTVXDLLPLLEKVIGA 240 
241 GKPLLIIAEDVEGEALS7LVVNKIRGTFKS 270 
271 VAVKAPGFGDRRKAMLQDMAILTGGQVISE 300 
301 EVGLTLENADLSLLGKARKVWTKDETTIV 330 
331 EGAGDTDAIAGRVAQIRQEIENSDSDYDRE 360 
361 KLQERLAKLAGGVAVIKAGAATEVELKERK 390 
391 HRIEDAVRNAKAAVEEGIVAGGGVTLLQAA 420 
. 421 PTLDELKLEGDEATGAHIVKVALEAPLKQI 450 
•451 AFNSGLEPGWAEKVRNLPAGHGLNAQTGV 480 
481 YEDLLAAGVADPVKVTRSALQNAASIAGLF 510 
511 LTTEAWADKPEKEKASVPGGGDMGGMDFH 540 
541 MHGDTPTLHEYMLDLQPETTDLYCYEQLND 570 
571 SSEEEDEIDGPAGQAEPDRAHYNIVTFCCK 600 
601 CDSTLRLCVQSTHVDIRTLEDLLMGTLGIV 630 
631 CPICSQKP 638 



